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(57) A method for spraying starting material parti-
cles in a continuous hydrothermal reaction, comprising
spraying an aqueous fluid pressurized and heated in
excess of the saturated vapor temperature and a start-
ing material slurry pressurized at ordinary temperature.
A starting material slurry feed orifice is provided in a
central portion of an aqueous fluid spray orifice to spray
and mix the aqueous fluid and the starting material
slurry. In order to avoid entry of heat into the starting
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material fluid from the aqueous fluid, a heat-insulating
layer is provided between feed paths for the respective
two fluids. According to the above method, the starting
material slurry is sprayed particularly under subcritical
to supercritical conditions beyond the saturated vapor
temperature to form fine particles without agglomera-
tion thereof, whereby a hydrothermal reaction can be
continuously and efficiently effected.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention provides a spraying method
and apparatus for spraying a starting material slurry
through a nozzle in a continuous hydrothermal reaction,
particularly under subcritical to supercritical conditions
beyond the saturated vapor temperature to form fine
particles without agglomeration thereof for efficiently
effecting the hydrothermal reaction.

2. Description of the Prior Art

Since the rates of reactions of many oxides such as
silica and alumina with high-pressure steam, particu-
larly water having a temperature of at least the critical
temperature, become fast in the presence of high-tem-
perature water, particularly high-temperature and high-
pressure water, hydrothermal synthesis reactions are
widely carried out by making much of this phenomenon.
A technique of hydrothermal synthesis of particles
under pressurized conditions beyond the critical pres-
sure (Tp = 218.3 atm) in a temperature range beyond
the saturated vapor temperature, particularly beyond
the critical temperature (e.g., Tc = 374°C for water), is
carried out according to a batch method. In a large-
scale batch method, however, a long heat-up time from
the point of time when a starting material is set is taken
together with a long temperature dropping time besides
the period of time during which the desired temperature
and pressure are maintained. Furthermore, there is a
limit to efficient synthesis with one equipment because
of batchwise production.

On the other hand, a method wherein a slurry is
continuously fed through assembled piping for treat-
ment therof is disclosed, for example, in Japanese Pat-
ent Laid-Open No. 57,112/1978, but is not aimed at a
hydrothermal reaction of particles to be different in pur-
pose from the present invention. Besides, Japanese
Patent Publication No. 5,136/1990 discloses a technol-
ogy according to which a reaction is effected under the
saturated vapor pressure. There are no continuous
hydrothermal reaction technologies according to which
a hydrothermal reaction of particles is effected with
such assembled pipings as to maintain a pressurized
state particularly at a temperature exceeding the critical
temperature, followed by temperature drop and pres-
sure reduction, and subsequent discharge of the
reacted particles.

When a hydrothermal reaction is to be consistently
effected in a continuous piping, there arise various diffi-
culties such as a problem with feeding of a starting
material slurry, a problem with retention of a piping in a
state of being heated at a high temperature, and a prob-
lem with withdrawal of synthesized particles. The
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present invention is to solve a problem involved particu-
larly in feeding a starting material slurry into a reaction
chamber. More specifically, even if a starting material
slurry is flowed in a piping in a temperature range
beyond the saturated vapor temperature, particularly
beyond the critical temperature, the solid in the slurry
may possibly be separated to be stuffed in the piping
because water is in the form of steam. In view of this,
according to the present invention, the solid in the slurry
is finely sprayed and then fed into a reaction chamber in
order to efficiently effect a reaction thereof without the
sliding being stuffed in a piping.

SUMMARY OF THE INVENTION

The present invention provides a method for spray-
ing starting material particles in a continuous hydrother-
mal reaction, comprising spraying an aqueous fluid
pressurized and heated in excess of the saturated vapor
temperature and a starting material slurry pressurized
at ordinary temperature.

More specifically, the starting material slurry is sep-
arated from the aqueous fluid. That is, the aqueous fluid
is pressurized and heated in excess of the saturated
vapor temperature while the starting material slurry is
pressurized still at ordinary temperature. The aqueous
fluid is sprayed from a spray while spraying the starting
material slurry from a spray, whereby the starting mate-
rial can be conveyed without separation of steam from
the staring material while enabling the two systems hav-
ing thermal gradients to be sprayed and homogene-
ously mixed with each other even under such conditions
in the temperature range as to exceed the saturated
vapor temperature, particularly to exceed the critical
temperature.

A staring material slurry feed orifice is provided in a
central portion of an aqueous fluid spray orifice to spray
and mix the aqueous fluid and the staring material
slurry. Further, in order to avoid entry of heat into the
starting material fluid from the aqueous fluid, a heat-
insulating layer is provided between feed paths for the
respective two fluids. It is especially desirable to adopt a
forced cooling system in which a cooling medium is fed
through the inside of the heat-insulating layer.

The present invention also provides an apparatus
for spraying starting material particles in a continuous
hydrothermal reaction, wherein a feed orifice for a start-
ing material slurry pressurized at ordinary temperature
is opened in a central portion of a spray orifice for an
aqueous fluid pressurized and heated in excess of the
saturated vapor temperature, provided that a feed pip-
ing for the starting material slurry is covered with a heat-
insulating layer in order to avoid entry of heat into the
slurry from the surrounding aqueous fluid heated in
excess of the saturated vapor temperature.

The heat-insulating layer is provided in order to get
rid of a fear of bumping of the starting material slurry
before spraying thereof under the influence of heat in
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the possession of the aqueous fluid pressurized and
heated in excess of the saturated vapor temperature.
The heat-insulating layer is constituted either of a heat-
insulating material (e.g., a ceramic) packed inside a
pipe surrounding a starting material slurry feed pipe, or
of double pipes surrounding the starting material slurry
feed pipe in which case a cooling medium is fed from a
side of the double pipes on which side the starting
material slurry is fed while the cooling medium is dis-
charged from a side of double pipes on which the aque-
ous medium is fed, whereby forced cooling can be
effected. In the latter case, the cooling medium is first
fed around the starting material feed piping to maintain
a sufficient cooling effect, and then receives heat of the
aqueous fluid when sent on the side of the aqueous lig-
uid to sequentially dissipate heat out of the system while
being circulated to hereby exhibit a heat-insulating
effect. Usable examples of examples of the cooling
medium include water, air and oils.

BRIEF DESCRIPTION OF THE DRAWING

The single figure is a cross-sectional view of an
example of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention is applicable to hydrothermal
reactions of metal oxides such as alumina (Al;O3), zir-
conia (ZrO5), choromia (Cr>03), hafnia (HfOs), and tita-
nia (TiO,). The present invention will now be specifically
illustrated based on the accompanying drawing.

Example

The drawing is an example of an apparatus used for
carrying out the present invention. In the drawing,
numeral 1 refers to an inlet for an aqueous fluid having
a temperature exceeding the saturated vapor tempera-
ture, 2 to an inlet for a starting material slurry pressu-
rized at ordinary temperature, and 3 to an ejection
orifice for a mixture thereof. The ejection orifice 3 is con-
stituted of a spray orifice 3-1 on the outer side thereof
and a feed orifice 3-2 in a central portion thereof.
Numeral 4 refers to a starting material feed pipe (feed
piping), and 5 and 6 to double pipes surrounding the
starting material slurry feed pipe 4, the inner pipe 5 of
which is opened at the left end thereof to communicate
with the outer pipe 6. Numeral 7 refers to a cooling
medium inlet, and 8 to a cooling medium outlet. A cool-
ing medium such as water or air is fed from the cooling
medium inlet 7, passed along the outer side of the start-
ing material slurry feed pipe 4 in the inner pipe 5 of the
double pipes to reach the left end, turned back in the
outer pipe 6, and discharged from the cooling medium
outlet 8. During this course, the cooling medium inside
the inner pipe 5 suppresses the heat-up of the starting
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material slurry feed pipe 4, and prevents the influence of
heat of the aqueous fluid fed from the side of the outer
pipe 6. The cooling medium passed through the outer
pipe 6 absorbs heat of the aqueous fluid, and gives off
the absorbed heat out of the system from the cooling
medium outlet 8. The pressurized and heated aqueous
fluid and the pressurized starting material slurry are
effected from the mixture ejected orifice 3 and mixed
with each other to reach the inside of a mixing chamber
9. During this course, particles in the starting material
are finely pulverized simultaneously with separation of
agglomerated particles.

Alternatively, a heat-insulating material may be
packed instead of the double pipes, or a heat-insulating
material itself may be fabricated into a hollow tube
through which a cooling medium is passed.

According to the present invention, a starting mate-
rial slurry is sprayed particularly under subcritical to
supercritical conditions beyond the saturated vapor
temperature to form fine particles without agglomera-
tion thereof, whereby a hydrothermal reaction can be
continuously and efficiently effected. Particularly, the
starting material slurry, while separated from an aque-
ous fluid, is set at ordinary temperature just until the
starting material slurry is mixed with the aqueous fluid,
whereby troubles such as clogging of a piping are obvi-
ated to enable a continuous hydrothermal reaction to be
efficiently effected.

Claims

1. A method for spraying starting material particles in
a continuous hydrothermal reaction, comprising
spraying an aqueous fluid pressurized and heated
in excess of the saturated vapor temperature and a
starting material slurry pressurized at ordinary tem-
perature.

2. A method for spraying starting material particles in
a continuous hydrothermal reaction, comprising
spraying and mixing an aqueous fluid pressurized
and heated in excess of the saturated vapor tem-
perature and a starting material slurry pressurized
at ordinary temperature, provided that a starting
material slurry feed orifice is provided in a central
portion of an aqueous fluid spray orifice.

3. A method for spraying starting material particles in
a continuous hydrothermal reaction, comprising
spraying and mixing an aqueous fluid pressurized
and heated in excess of the saturated vapor tem-
perature and a starting material slurry pressurized
at ordinary temperature while avoiding entry of heat
into said starting material slurry from said aqueous
fluid, provided that a heat-insulating layer is inter-
posed between an aqueous fluid feed portion and a
starting material slurry feed portion.
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A method for spraying starting material particles in
a continuous hydrothermal reaction as set forth in
claim 3, wherein said heat-insulating layer is of a
forced cooling system wherein a cooling medium is
fed thereinto. 5

An apparatus for spraying starting material parti-
cles in a continuous hydrothermal reaction, wherein

a feed orifice for a starting material slurry pressu-
rized at ordinary temperature is opened in a central 10
portion of a spray orifice for an aqueous fluid pres-
surized and heated in excess of the saturated vapor
temperature, provided that a feed piping for said
starting material slurry is covered with a heat-insu-
lating layer in order to avoid entry of heat into said 15
slurry from the surrounding aqueous fluid heated in
excess of the saturated vapor temperature.

An apparatus for spraying starting material parti-
cles in a continuous hydrothermal reaction as set 20
forthin claim 5, wherein said heat-insulating layer is
constituted of a heat-insulating material packed in a
pipe surrounding a feed pipe for said starting mate-
rial slurry.

25
An apparatus for spraying starting material parti-
cles in a continuous hydrothermal reaction as set
forthin claim 5, wherein said heat-insulating layer is
constituted of double pipes surrounding said feed
piping for said starting material slurry, provided that 30
a cooling medium is fed from a side of said double
pipes on which side said starting material slurry is
fed, and discharged via a side of said double pipes
on which side said aqueous medium is fed.
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